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Statement of the Problem Studied

Positron annihilation lifetime spectroscopy (PALS) has been
used to study the mechanism of physical aging in polycarbonate. The
PALS analysis was supplemented with tensile testing, differential
scanning calorimetry, density measurements and x-ray diffraction.

Summary of Findings

The results of this investigation have led to the following
conclusions:

1. Physical aging of polycarbonate increases the relaxation times of
ortho-positronium (o-Ps) pickoff intensity 13 during free volume
recovery. This increase in relaxation time is a reflection of the
increase in molecular response times due to physical aging, which is
also evident in the changes in tensile and physical properties
(increased yield strength, post yield stress drop, glass transition
temperature and density).

2. The time rate of change observed in 13 during contraction and
expansion experiments in glassy polycarbonate is of the same form
as volume and enthalpy recovery, and can be modeled similarly.

3. Any change in molecular conformation during physical aging is
not evident in the o-Ps pickoff lifetime or intensity. Thus, the
physical aging phenomena is not the result of a decrease in the
amount of free volume or mean free volume cavity size.

4. The physical aging mechanism in polycarbonate is postulated to
be associated with either an increase in entanglement density, an
increase in the population of trans conformations, or a combination
of both.

5. Over the temperature range 20*C to 120*C the o-Ps pickoff
lifetimes and intensities are lower in aged polycarbonate than in as-
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extruded polycarbonate, which is interpreted as a decrease in free
volume concentration and cavity size as the result of physical aging.

6. The change in 13 measured during isothermal relaxation
experiments for both as-extruded and physically aged polycarbonate
can be substituted for the fractional free volume in various theories
used to model viscoelastic behavior of glassy polymers.

7. The nondestructive character and relative ease of data collection
associated with positron annihilation lifetime spectroscopy could
make this technique important in the prediction of physical property
response in glassy polymers.
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